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Abstract: The presence of ordnance (as opposed to the many other types of debris) in the seas, rivers, lakes and 
estuaries world-wide is not surprising given the number of wars that have taken place and that, in many areas, 
waste explosive materials have simply been dumped in what were once considered to be “quiet waters”. Even 
where records exist of these materials in a limited number of specific areas when disposed of by Government 
Agencies, there can be no guarantee that disposal did not take place outside the specific areas or that the 
ordnance has not been subsequently moved by wave and current action. 
 
Ordnance can be found on the surface where the bed is hard or, in the case of sand or softer deposits, buried 
within them. While in the former they are relatively easy to find and removed prior to dredging, in the latter case 
it is much more difficult and they have to be dealt with safely both during dredging, on-board the dredger and, if 
material is dumped ashore, in reclamation. 
 
Individual pieces of ordnance, even when large, can be difficult to locate. For example, during the dredging of 
the submerged tube tunnel trench for the Øresund Link project and despite a significant number of surveys 
(including diving surveys) during the investigation and design stages, ordnance was only found after dredging 
had commenced. Ordnance took the form of World War Two material, including large bombs and a detailed 
magnetometer survey was required. This survey was successful and there was no delay to the project. 
 
On the Medway Estuary (UK) where sands and softer sediments were present, some 770 pieces of ordnance 
were found during one dredging and reclamation project. The Contract specification assisted the contractor to 
limit his risks and bomb disposal experts were required on the vessels at all times. Attempts were also made to 
remove ordnance prior to dredging in an attempt to stop major pieces of ordnance entering the dredgers and, 
subsequently, the reclamation areas. 
 
If ordnance is expected the Authorities, Employer, Engineer and Contractor should be properly prepared. 
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1 INTRODUCTION 
 
Ordnance poses many problems, not only to the dredgers trying to remove it along with the sediments, but also 
when deposited in the reclamation areas or even when dumped back on the seabed in spoil grounds. Ordnance 
can also pose problems for shipping, even when left on the sea bed as, under certain circumstances, explosive 
materials can become more sensitive over time. In the case of the Medway Estuary (UK), a Liberty ship 
containing armourments sunk adjacent to the main channel (see Figure 3) has to be monitored annually to ensure 
that its lethal cargo is not moving into the channel or elsewhere. It is also important to ensure that no ship is 
allowed near the wreck. 
 
Ordnance is defined in the Concise Oxford Dictionary as mounted guns, cannon; branch of government service 
dealing especially with military stores and materials, but a more practical definition in terms of dredging is, 
bombs, cannonballs, shells, grenades, rockets, depth charges, torpedoes and the like – virtually anything that 
could contain explosives. While the dictionary definition of ordnance can cover a wide range of dangerous 
materials from torpedoes to bombs and cannonballs, down to bullets and even buttons off military uniforms, in 
terms of dredging it should cover anything that might explode and endanger life during the dredging and 
reclamation processes and even those using the areas afterwards. Clearly, it is the larger pieces containing the 
greater quantities of explosives which cause the most concern and have sunk one dredger and disabled another 
in Hong Kong waters and badly damaged one near Calais. Fortunately, modern trailer dredgers have separate 
and sealed pump rooms within the hull, but with both cutter dredgers and mechanical dredgers e.g. backhoes 
and buckets, the presence of ordnance poses specific and significant dangers to the crews. 
 
The paper looks specifically at ordnance, which has the potential to explode at any stage during the dredging, 
dumping or reclamation processes. By way of examples it looks at ways of dealing with ordnance, their likely 
effectiveness and costs. The paper does not deal with general debris encountered during dredging, which while 
it can affect production, does not usually affect safety. For example, large pieces of wood, metal or rock or even 
tyres which can jam the dredge pumps. 
 
Ordnance can be found in virtually all areas of the world, especially where there have been wars in recent years. 
New ordnance can take the form of unexploded materials used during battles or in target practice or old material 
which has simply been dumped overboard or placed in specific spoil dumped areas. It would be safe to assume 
that virtually all major ports in Europe contain some ordnance within the sediments of the port or in their 
approach channels. 
 
Ordnance poses major problems to dredgers in that, undoubtedly, the cutter, draghead, bucket or backhoe will 
be coming into contact with it. It then also has to pass through the pumps in the case of the trailer or cutter 
dredgers. Obviously, even grabs are not immune from danger. 
 
While for the trailer dredger, the ordnance can be dealt with partly by putting grids within the draghead, this is 
not a satisfactory solution for the cutter suction dredger.Also,with the cutter dredger valves have to be fitted to 
the discharge pipe to ensure they are not sunk by the flooding of the punp room.While it is possible to lift and 
clean the trailer’s draghead , this solution is much more difficult with the cutter. For a bucket or backhoe 
dredger there is virtually nothing that can be done during the dredging process to lower the impact of the 
ordnance, which will only be discovered and be dealt with once it has been raised and placed in the barges. The 
presence of ordnance means that the Contractor has to be vigilant at all times, and the Consultant and Employer 
have to give proper consideration to its likely presence and possible consequences. This is important not just at 
the point of dredging, but also during transport and within the reclamation/dump area, especially if the 
reclamation area is to be reused, say for a port. 
 
Under normal circumstances when ordnance is encountered dredging ceases and the Contractor must await the 
arrival of the appropriate authority to come and remove it to a safe place where it is then dealt with. If such 
delays are not to be significant on any project, it is essential that the Contractor employs his own specialists and 
the authorities are fully aware of the circumstances and are in a position to take immediate action if and when 
ordnance is encountered. Under normal circumstances the cost of calling out the appropriate authorities and 
employing people full time onboard the dredgers in order to properly classify ordnance, is relatively small 
compared with the cost of the dredging project. It is also possible to temporarily store ordnance onboard dredger 
if it turns out to be blank shells or say cannonballs but, if live material is encountered, then immediate action 
must be taken to remove it. 
 



 

 
2 ØRESUND LINK PROJECT 
 
The Øresund Link Project is the road and rail link between Denmark and Sweden (see Figure 1). It runs in a 
submerged tube trench some 3.5 km long from Kastrup near Copenhagen to a newly reclaimed 4.5km long 
island, and then on over an 8.5km bridge to the Swedish coast just south of Malmo (Maddrell et al 1997, 1998). 
The dredging for this project required the excavation of the 120m wide trench for the submerged tube, which 
was mainly in limestone, and the removal of boulder clay in the area of the temporary harbours and for the 
widening of the main channel, both on the Danish side and in the Flinte Channel. Environmental restrictions 
limited all types of dredging losses to less than 5% of the total quantity dredged (see Maddrell et al, 1998 and 
Dynesen and Dietrich, 1999). 
 
 

 
Fig. 1: Plan view of the Øresund Link Project, dredging and spill areas 

 
 
Studies for the project took place over many years and included boreholes and site surveys e.g. bathymetry, 
seismics etc. In addition, diving surveys were carried out along the whole line of the works, especially in the 
area of the submerged tube tunnel, but no ordnance was found. However, in November 1995 a large World War 
Two bomb was discovered in the dipper reclamation material (boulder clay) at the Peninsular Harbour adjacent 
to the Danish coast. It was safely disposed of by the Royal Danish Navy and it was concluded this was most 
probably an isolated bomb and no further action was taken. However, on 19 July 1996 two 50kg bombs were 
discovered, this time on the dredge barges of the large dipper dredger, the “Chicago” (Gillespie, 1999) during 
the unloading operation of material into the bunds for the central island. Surprisingly, this dredged material had 
come from the trial mound No 5, dredged some 3 years earlier, located close to the Peninsular Harbour, which 
was the same area the first bomb had been found. The bombs had been dropped by the Royal Air Force, 
probably in 1944 and did not detonate because either the detonators had not been correctly fitted or were not 
activated because they hit water. However, the detonator on one of the bombs was still operational and, under 
certain circumstances, could have exploded. The dredging of the tunnel trench was being carried out by the large 
cuttersuction dredger the “Castor”  and concern was raised as to the damage that could be caused to the dredger 
should it activate a similar bomb. It was therefore decided to conduct a full ordnance detection survey in the full 
area to be dredged by the “Castor”. Immediate measurements were taken using divers with magnetic detection 
equipment (magnetometers) to survey the seabed in the area to be dredged. This multi-beam magnetic survey 
was a preliminary approach pending the adoption of a more efficient system. The technique finally adopted 
comprised of three parts namely, object detection, object classification and recovery/disposal. This was carried 
out by Brock and Michelson (Henrich Hirdes GmbH). The aim was to detect bombs or other explosives, 
ferromagnetic or military equipment, up to two metres below the seabed. 
 
The system used consisted of an eight channel magnetometer system with sensors mounted on an aluminium 
pontoon which was pushed forward in front of a motor boat (see Figure 2). This pontoon system could be 
lowered to 6.5m below the sea surface and enabled the possible detection of objects as deep as 12.5m below the 
sea surface. Unfortunately, the detection depth was not deep enough for all the planned area and, furthermore, 



 

was only suitable for protected calm waters. For this reason a heavier, more ridged and stable pontoon was 
constructed, which could also be lowered down to 12m below water level, enabling a detection depth of 18m. 
 
 

 
 

Fig. 2: A magnetometer system similar to that used to detect ordnance in the Øresund. 
 
The position fixing used a DGPS receiver and the data was stored together with the magnetometer information 
in a multi channel data logger. Charts were produced on a daily basis together with a report, which was 
essentially, the Object Classification Survey. The Object Classification work was also carried out with vessels 
equipped with a minimum of two “spuds” and a diving basket enabling precise mooring and positioning of the 
diver. 
 
In all a total of fifteen bombs were recovered and disarmed by the Royal Danish Navy Explosion Ordnance 
Disposal Service during the project. In addition, several ferromagnetic objects, anchors, wires, chains etc. were 
located and recovered. 
 
All the ordnance took the form of bombs and, as described above, three bombs were discovered initially. During 
Phase 1 of the dredging, between July and December 1996, ten bombs were discovered out of a total number of 
724 suspected objects i.e. ferromagnetic materials or boulders (in this case the boulders were gabroic basic rocks 
with a relatively high ferromagnetic content). The ratio of bombs to possible bombs was therefore 1 in 72. In 
Phase 2, which took place between April and June 1997 no further bombs were discovered, although 378 
relatively high ferromagnetic areas were encountered. However, after the sinker line for the “Castor” was moved 
and the survey carried out along this area, 2 further bombs were encountered. 
 
Happily the magnetometer survey was able to clear areas ahead of the “Castor” and there were no delays to the 
dredging. The overall cost of the survey at some $5M was about 1% of the final cost of the $450M dredging 
contract, based on 1997 prices. 
 
3 MEDWAY ESTUARY 
 
The Port of Sheerness lies on the right bank of the Medway Estuary (see Figure 3) and there has been a major 
port in this area for hundreds of years. Indeed, it was initially developed by the British Navy as a fort and 
fortress and was used during that period for target practice on barges towed at sea and for the development of 
various guns. In 1989 the main entrance channel had to be deepened for a new container port on the west bank, 
with some 3 Mm3 having to be removed. The project was essentially a dredging project and, while disposal was 



 

to be in the tidal area of the Lappel bank, to the south of the port, it was only a general reclamation area and not 
one specifically developed as a reclamation area for future port development.  
 
The dredged soils in the area were mainly fine to medium sands, but there were also some areas of gravel and, 
near to the Sheerness Port, an outcrop of stiff London clay. 
 
 

 
Fig. 3: Permitted dredged areas to be used in the second Lappel Bank Reclamation Contract. 

 
 
As explained above, the Port of Sheerness and, indeed, the whole of the Medway Estuary has been used as a 
port by the Navy and civilians for many hundreds of years. Magnetometer surveys carried out in the area where 
a battleship exploded during World War One was relatively successful in identifying major pieces of wreckage. 
However, when using this technique elsewhere in the estuary, especially the entrance channel to try to locate 
ordnance, it was not particularly successful. It should, however, be noted that the magnetometer survey was 
carried out using a towed fish and not in the same detailed way as on the Øresund Link. 
 
 

   
Fig. 4: Grill in the starboard draghead of the    Fig. 5: Grill in the left portside draghead of the 
            “Volvox Delta.”                            “Alpha B”. 
 
 
It was known that the fort at Sheerness had been used for many years as a gunnery range and ordnance had been 
found in earlier dredging campaigns. For example, over a 6 to 7 week maintenance dredging contract in 1971, 
fifty varyious types of projectiles plus a considerable number of cannonballs were recovered. In 1985 during the 
removal of some 2,000m3, both 4 inch shells and 40mm Bofor shells were recovered. 
 
Because of the known presence of ordnance, both live and practice shells, and the presence of a military vessel, 
the “Thomas Connelly” (see Figure 3), which had had been partly destroyed using explosives but which lay in 
the channel, restrictions had to be placed on the dredgers. The dredging was carried out by three medium sized 
trailer dredgers, the “Geopotes XV”, the “Volvox Delta” and the “Alpha B”, with hopper capacities of between 



 

5,000m3 and 8,000m3. As all of the dredge material, apart from the London clay, was to be placed in general 
reclamation that was be used for port development, no ordnance was to be allowed onto them. Consequently, 
25mm steel bars were welded in the trailer dragheads giving opening spaces of about 150mm2 (see Figures 4 
and 5). This proved partly successful in that no major pieces of ordnance were found within the reclamation 
area, which was inspected regularly, although significant amounts of ordnance did become jammed in the 
dragheads. Under normal circumstances the dragheads had to be raised and cleaned every 20 to 40 minutes 
when production fell. If the delays associated with cleaning the dragheads were in excess of 30 minutes, the 
Contractor could claim downtime. 
 
During the dredging in 1989-90 over 770 pieces of ordnance were encountered and, happily, most of this 
material was “safe”. This “safe” material consisted of both cannonballs from the war with the Dutch and the 
Napoleonic wars, together with numerous dud or practice shells. However, some 32 live shells were dredged up 
and, had to be dealt with by the Royal Navy. Figure 6 shows a particularly large shell recovered from the 
draghead of the “Volvox Delta”, where it had become lodged in the grill. Numerous pieces of ordnance were 
recovered from the grills, all of which if considered safe by the inspectors, could be stored for a limited time 
onboard the dredgers. Figure 7 shows a large number of shells, being stored onboard the “Volvox Delta”. 
 
 

 
 

Fig. 6: Large piece of ordnance from the screens of the “Volvox Delta”. 
 
 
Throughout the first Contract, and the subsequent two reclamation Contracts carried out in the 1990’s, members 
of the Royal Navy, or similarly qualified people, were employed on the dredgers to advise on the types of 
ordnance being encountered, and whether or not immediate action had to be taken. The ordnance was either left 
where it was found, or if it was safe enough to be left on board the vessel, offloaded onshore later. While 
relatively expensive in terms of specialist staff and downtime , the cost of this operation was about 3% of the 
overall project cost of some £6M. 
 
During the course of the first Contract and subsequently in his claims, the Contractor complained that the use of 
grids in his dragheads was reducing his production significantly i.e. by some 30%, despite the fact that he 
completed the work within his programme. Analyses of the dragheads and of the likely flow conditions showed 
that while undoubtedly there had been production losses, these were relatively small, of the order of 5 - 10%. 
While the Contractor had lodged significant claims for loss of production, all claims were settled for the amount 
originally certified by the Engineer. 
 
 



 

 
 

Fig. 7: Collection of “safe” ordnance from the screens of the “Volvox Delta”. 
 
 
As the first contract proceeded, various methods were tried in order to attempt to reduce the amount of ordnance 
being trapped in the dragheads. This took the form of trawlers running up and down the channel and, was in part 
successful. However, while they did manage to dredge up some ordnance, in general the amount that they 
encountered was less than 5% of that recovered by the dredgers. Overall, the use of trawlers was not considered 
to be successful mainly because most of the ordnance appeared to be buried below the surface. They were, 
however, a relatively cheap option (£1,600/day, 1990) and worthy of further consideration in particular 
circumstances eg where finer grids were being used, leaving more ordnance on the seabed and they did remove 
other debris (see Figure 8). 
 
The wreck of the “Thomas Connelly” had to be removed as it lay in the channel (see Figure 3). Its removal 
proved somewhat problematical in that over the years several attempts had been made to remove it by blowing it 
up. It was eventually removed using a large orange peel grab on board the “Rhino”. However, during its 
removal several pieces of unexploded ordnance were found (used in earlier attempts to blow it up) including 
depth charges (see Figure 9). These were successfully dealt with by the Royal Navy. 
 
Two further contracts were let in 1991 and 1994 as part of the development of the Lappel bank. In both cases 
material was mainly removed from the seabed within the estuary (see Figure 3) and, with the agreement of the 
Contractors, grids were fitted to the dragheads and inspection at the point of discharge was carried out day and 
night. While some ordnance was found on the reclamation, in all cases this took the form of empty shell cases 
and the only major problem encountered was the gradual loss of production as the grids on the dragheads 
became blocked. They could normally be cleaned during discharge and, again, there was provision in the 
Contract to allow for downtime in excess of half an hour. 
 
In the 1994 contract, material was required to reclaim the Lappel bank for further port expansion. It was a 
negotiated contract with Westminster Dredging. Some 180,000m3 of 6mm gravel was required to complete the 
1,300m long, 6.5m high seaward enclosure bund, with the 600,000m3 of mainly fine to medium sand, some 6m 
deep, behind. Under the Contract, the Contractor had to provide details of his proposed control measures 
required to comply with the Control of Substances Hazardous to Health Regulation 1988 and to prepare Heath 
and Safety plans. Ordnance was defined as bombs, cannonballs, shells, grenades, rockets, depth charges, mines, 
torpedoes and the like. The Contractor had to take measures to identify potentially dangerous ordnance and, if 
identified, immediately notify the appropriate authorities, whose decision on what action must be taken was 
final. The Contractor also had to take all practicable care and precautions to ensure the safety of his workforce 
and to install grids on the draghead of his small 3,700m3 capacity dredger, the “MD Medway”. In particular, the 
Contractor was responsible for ensuring ordnance was not put into the reclamation and was responsible for all 
costs associated with its removal. This included the possible use of grids or cages at the point of discharge. 
 
The Contractor also had to allow in his rates for delays and production losses in dealing with ordnance. 
Experience from earlier contracts had shown that the draghead gradually became blocked and the resulting loss 



 

of productivity could require their clearing once every 30 minutes. He was, however, paid for delays beyond 30 
minutes, and so was not responsible for delays if say live ordnance was encountered. 
 
The Lappel bank is at present used for the storage of cars and therefore, should live ordnance have got through 
into the reclamation area, it should be relatively safe. However, should other developments take place within the 
reclamation area and say piling was required, it will be important to ensure that first of all excavation is carried 
out and the piles placed so that their tip is at least 6m below the ground surface. The area would then be 
backfilled prior to piling and thus, should ordnance be encountered and an explosion take place, it should not 
endanger human life. Under ideal circumstances no piling should have to be carried out. 
 
 

 
 

Fig. 8: Debris recovered after trawling. 
 
 
In all three of the contracts consideration was given to the adoption of a policy that ensured no ordnance passed 
through the dredgers and into the reclamation. This would have required relatively fine draghead grill spacings 
and have meant relatively low production rates. However, it may also have meant leaving the ordnance on the 
bed to be dealt with by future generations or its later removal using more expensive detection and recovery 
techniques. The policy adopted on the Medway was only possible as the risk of explosion was considered by the 
Authorities to be low. However, where quantities of live munitions are expected, the risks must be assessed and 
appropriate techniques adopted for dealing with them. 
 
 
4 TOUSSAINT RIVER, OHIO AND THE SEABRIGHT BEACH RENOU RISHMENT PROJECT, 

NEW YORK 
 
These two projects are described by Welp et al (1997) and have only been included in this paper to show how 
others have dealt with ordnance. In both projects the highest priority was given to personal safety, and an 
important factor for both was the end use objectives of the projects, which dictated their design approach, 
equipment selection and operating procedures. The important design element for the Toussaint River was the 
desire to recover potentially dangerous unexploded ordnance so it could be safely disposed of, while for the 
Seabright project, the idea was to exclude any ordnance and leave it on the seabed. 
 
For the Toussaint River project bed sediment was removed using a modified clamshell bucket dredge and 
deposited onto separation screens placed over the hoppers of the bottom dump scows. As the dredge material 
was dumped onto the screen, it was visually monitored through a remotely controlled camera system, while the 
water jets separated the sediment from the ordnance. The maximum screen opening dimensions were 19mm in 
one direction and 127mm in the other, the idea being to retain 20mm projectiles. However, it soon became clear 
that the screens with their rectangular openings were becoming excessively clogged by clam shells and rounded 
coarse gravel and they ended up by having to cut out every other lateral gate bar. 
 



 

 

 
 

Fig. 9: Depth charge from the “Thomas Connelly”. 
 
 
Using this method they achieved an overall production rate of 20.5m3/hr or 205m3/day, at a cost of $33/m3. 
However, when the cost of the Explosives Ordnance Disposal Contractor was added, the cost per cubic meter 
became about $56/m3. 
 
The Seabright Beach project is to be constructed in four Phases and started in 1994. Using a hopper dredge, 
several pieces of ordnance were discovered at various places on the hopper and on the newly constructed 
beaches. Clean-up operations were required to locate and remove ordnance on the beach and from the hopper. 
For the next Phase, a number of alternatives were examined including the use of alternative spoil sites, but a 
combination of suction intake screens and beach quality control measures was determined to be the most 
feasible option. The bars in this case were 38mm with 38mm openings. This led to a reduction in the hopper 
dredge production of approximately 17%. During discharge on the beach, lighting had to be provided and the 
Contractor had to submit a site-specific magnetometer work plan and a Safety and Health plan prior to 
mobilisation. The cost per cubic metre for the beach sand was some $5.2/m3, or say 10% of the Toussaint River 
costs. 
 
 
5 CONCLUSIONS 
 
The presence of potentially dangerous ordnance can be expected on virtually every dredging and reclamation 
project. However, the way in which it will be dealt with should depend on its likely occurrence, the type of 
ordnance and where the dredged material is to be disposed of. It is important therefore to carry out a full risk 
analysis and, having done so, it should then be possible to look at the most appropriate method of dealing with it 
safely. 
 
These investigations and subsequent actions should cover a number of areas and for a variety of reasons, 
namely: 
 
1. Pre-contract, to include a magnetometer survey. While towed magnetometer equipment can be used, 

enabling large areas of the seabed to be investigated rapidly and at least cost, it is unlikely to be as 
effective as the type of detailed investigation used on the Øresund Link project, which is to be 
recommended. In addition, desk-top studies should be carried out to examine any records of the firing 
or dumping of ordnance etc, which should include information from previous dredging contracts. This 
then allows proper risk assessments to be made. 

 
2. While the examination of the sea bed and establishing the likelihood of ordnance prior to a dredging 

contract might appear both expensive and time consuming, it will be no more so than a good site 
investigation. Neither are likely to be as expensive and time consuming as any subsequent operations 



 

once a contract has been let or the damage and delays caused by an explosion or even the subsequent 
claims and litigation. However, in some circumstances it may be possible to change the planned 
dredging pattern in order to carry out full investigations in specific areas without either delaying the 
contract or increasing costs, but such things must be considered prior to letting the Contract. 

 
3. The Tender and subsequent Contract must be clear as to the likely presence of ordnance and how the 

Contractor should deal with it eg use of grids on dragheads or in the reclamation area, allowable 
downtime, qualified staff to be employed, appropriate Authorities to notify etc. As with all Contracts, 
the apportionment of risk should be clear. 

 
4. Additional measures, such as trawling in order to remove any ordnance on the surface can be tried as it 

is usually inexpensive. It is, however, unlikely to be particularly effective. 
 
5. It is essential that there is a co-ordinated strategy for dealing with ordnance and on the further 

investigations that might be required. The appropriate Authorities, which could include the police, must 
be informed on a daily basis on progress. 

 
6. The Contractor must prepare and get approval of his Health and Safety Plan, prior to work 

commencing. 
 
While death, injury and damage to plant due to live ordnance are uncommon, it is essential that adequate 
consideration is given to them at all times during all stages of dredging and reclamation contracts. 
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